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Description 

The concept of derivatizing viscosity index (V.I.) improving high molecular weight ethylene copolymers with 
acid moieties such as maleic anhydride, followed by reactton with an amine to form a V.l.-dispersant ofl additive 
5 is known in th art and is described in the patent literature. 

Early patents such as US-A-3316177 and 3326804 taught the general concept of grafting an ethylene- 
propylene copolymer with maleic anhydride and then reacting with a polyalkylene polyamine such as polyethy- 
lene amines. Subsequently, US-A-4089794 was directed to using an oil solution for free radical peroxide graft- 
ing the ethylene copolymer with maleic anhydride and then reacting with the polyamine. This concept had the 

10 advantage that by using oil, the entire reaction could be carried out in an oil solution to form an on concentrate, 
which is the commercial form in which such additives are sold. This was an advantage over using a volatile 
solvent for the reactions, which has to be subsequently removed and replaced by oil to form a concentrate. 
Subsequentfy, in operating at higher polyamine levels in order to further increase the dispersing effect, in^ 
creased problenrw occurred with the unreacted amine groups cross-linking and thereby causing viscosity in- 

15 crease of the oil concentrate during storage and subsequent formation of haze and in some instances gelling. 
Even though one or more moles of the ethylene polyamine was used per mole of maleic anhydride during imide 
formation, cross-linking became more of a problem as the nitrogen content of the polymers was increased. One 
solution was to use the polyamines and then to react the remaining primary amino groups witii an acid anhydr- 
We. preferably acetic anhydride, of US-A.4137185 or the sulfonic acid of US-A-4144181. The cross-linking 

20 problem could also be minimized by avoidance of the ethylene polyamines and instead using amines having 
one primary group which would react with the maleic anhydride while the other amino groups would be tertiary 
groups which were substantially unreactive. 

Still another problem which arose when using free radical initiators with mineral oil as the grafting medium 
is that as the grafting levels were increased to increase the dispersancy level, a larger proportion of the oil 

25 molecules in turn became grafted with the maleic anhydride. Then upon subsequent reaction with the amine 
these grafted oil particles tended to become insoluble and to form haze. To avoid using Initiators, such as per- 
oxides, for grafting and to avoid the use of oil. several of the above-noted patents utOized thermal grafting in 
solvent, preferably while using an ethylene copolymer containing a diene monomer so as to achieve an "ene" 
type reaction between the unsaturation resulting from the diene moiety and the maleic anhydride. However. 

30 generally such "ene" reactions are slower and less efficient than peroxide grafting. 

US-A-4517104 represents a further improvement over the art in that it permits the utilization of the gen- 
erally less expensive polyalkylene polyamines having two primary amine groups, while achieving good disper- 
sancy levels, inhibiting cross-linking and allowing initiator, e.g. peroxWe. grafting in oil. This can be obtained 
by reacting the polymer grafted with the maleic anhydride with an acid component, such as an alkenyl succinic 

35 anhydride, together with the polyalkylene polyamine, e.g. polyethyleneamine, or with the reactton product of 
the acid component and the polyalkylene polyamine. In either case cross-linking between ethylene copolymer 
molecules is reduced or inhibited since many of tiie polyamine molecules will have one primary group reacted 
with a maleic anhydride moiety of tiie ethylene copolymer while its other primary amine group is reacted with 
the acid component A further advantage is that when the grafting is carried out in an oQ solution using a free 

40 radical initiator, e.g. a peroxide, which is generally much faster with better control than depending upon thermal 
cracking or degradation, oil molecules which become grafted with maleic anhydride and reacted with the amine 
will, to a substantial extent, be solubilized if a long chain add component is used. 

While the V.I. improver-dispersants and oil compositions containing these V.I.-dispersants disclosed in US- 
A-4517104 are generally quite useful and advantageous there nevertheless exist certain situations which re- 

45 quire oil compositions containing these types of V.I.-dispersants exhibiting improved, Le., reduced, low tem- 
perature viscosity as measured, for example, in the cdd cranking simulator (CCS), ASTM D2602, than exhibited 
by oil compositions containing these prior art V.I. improver-dispersants. The improved low temperature viscosity 
is intended to facflitate engine starting in cold weather and to ensure pumpability. i.e., the cold oil should readily 
flow or slump into the well for the oil pump, otherwise the engine can be damaged due to insufficient lubrication. 

50 The present invention provkJes such V.I. improver-dispersants and oil compositions containing same. 

SUMMARY OF THE INVENTION 

The present invention is directed to multifunctional viscosity index improvers comprising the reaction prod- 
55 ucts of (i) ethylene copolymers grafted with ethylenically unsaturated carboxyiic acid moieties, (ii) polyamines 
r polyols. and (iii) a high functionality long chain hydrocarbyi substituted dicarboxylic acid n^terial containing 
a polyolef in of from about 400 to about 10.000 number average nnolecular weight and having a functionality of 
from 1.2 to atxjut 2. Oleaginous compositions containing these multifunctional viscosity index improvers, which 
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also funcUon as dispersants. xhibit improved low t mperatur viscometric properties. 
DETAILED DESCRIPTION OF THE INVENTION 

5 In accordance with th present inv ntion there are provided oil solubl viscosity index improver-dispersant 

additives comprising th reaction products of (i) ethylene copolymers, such as copolymers of ethylene and pro- 
pylene, grafted with ethylenically unsaturated carboxylic acid moieties, preferably maleic anhydride moieties- 
(II) polyamines having two or more primary amine groups or pdyols: and (iii) high functionality long chain hy- 
drocarbyl substituted carboxylic acid material wherein the long chain hydrocarbyl is a pdydefin. preferably 

10 poly(C4alkenyl), ofliromabout400 to about 10.000 numberaveragemdecularweightand having a functionality 
of from 1 .2 to about 2.0. The VJ.improver-dispersants of the instant invention containing the high functionality 
long chain hydrocarbyl substituted dicarboxylic add material when incorporated into oleaginous compositi ns 
such as lubricating oil compositions impart improved. i.e.. decreased, low temperature viscosity characteristics 
relabve to similar conventional V.l.-dispersants wherein the cartjoxylic acid component is a low functionality 

IS e.g.. about 0.5 to about 1 .1 . carboxylic acid component That is to say by utilizing the high functionality long 
Cham hydrocartyl substituted dicarboxylic acid material in place of the conventional low functionality long chain 

hydrocarbyl substituted dicarboxylic acidoranhydrideV.I.-dispersants exhibiting improved low temperature vis- 
cometric properties are provided. 

20 ETHYLENE COPOLYMER 

Oil soluble ethylene copolymers used in the invention generally will have a number average molecular 
weight (MJ of firom above about 5000 to about 500,000; preferably 10.000 to 200.000 and optimally from about 
20.000 to 1 00.000. In general, polymers useful as V.I. improvers will be used. These VI. improvers will generally 

25 have a narrow range of molecular weight, as determined by the ratio of weight-average molecular weight (KL) 
to number-average molecular weight (MJ. Polymers having a MJM„ of less than 10. preferably less than 7 
and more preferably 4 or less are most desirable. As used herein (M„) and (M;,) are measured by the well knowri 
techniques of vapor phase osmometry (VPO). membrane osmometry and gel permeation chromatography In 
general, polymers having a narrow range of molecular weight may be obtained by a choice of synthesis con- 

30 dibons such as choice of principal catalyst and cocatalyst combination, addition of hydrogen during the syn- 
thesis, etc Post synthesis treatment such as extrusion at elevated temperature and under high shear through 
smaH orifices, mastication under elevated temperatures, thermal degradation, fractional precipitation from sol- 
ution, etc. may also be used to obtain narrow ranges of desired molecular weights and to break down higher 
molecular weight polymer to different molecular weight grades for V.I. use. 

35 These polymers are prepared from ethylene and ethylenically unsaturated hydrocarbons including cyclic 
alicydic and acydic. containing from 3 to 28 carbons, e.g. 3 to 18 carbons. These ethylene copolymers may 
contain from 15 to 90 wL % ethylene, preferably 30 to 80 wL % of ethylene and 10 to 85 wL % preferably 20 
to 70 wt % of one or more C, to Cje. preferably Cj to C,, more preferably C, to Cg, alpha olefins. WhBe not 
essential, such copolymers preferably have a degree of crystallinity of less than 25 wL %. as determined by 

40 x-ray and differential scanning calorimetry. Copolymere of ethylene and propylene are most preferred 0th r 
alpha-olef ins suitable in place of propylene to form the copolymer, or to be used in combination with ethylene 
and propylene to form a terpolymer. tetrapolymer. etc., indude 1-butene. 1-pentene. 1-hexene, 1-heptene 1- 
octene. 1-nonene. 1-decene. etc.; also branched chain alpha-defins. such as 4.methy|.1-pentene. 4-methyl- 
1-hexene. 4.4-dimethyi-1-pentene. and 6-methylheptene-1. etc.. and mixtures thereof. 

45 The term copolymer as used herein, unless otherwise indicated, indudes terpdymere. tetrapdymers etc 
of ethylene, said C^a alpha-defin and/or a non-conjugated didefin or mixtures of such didef ins which may 
also be used. The amount of the non-conjugated didefin will generally range from about 0.5 to 20 mde percent 
preferably about 1 to about 7 mole percent, based on the total amount of ethylene and alpha-olef in present ' 
Representative examples of non-conjugated dienes that may be used as the third monomer in the terpo- 

so lymer indude: 

a. Straight chain acyclic dienes such as: 1 .4-hexadiene; 1,5-heptadiene; 1.6-octadiene. 

b. Branched chain acydic dienes such as: 5-methyl-1.4-hexadiene: 3.7-dimethyl 1,6-octadiene; 3.7-dime- 
thyl 1.7-octadiene: and the mixed isomers of dihydro-myrcene and dihydre>-cymene. 

c. Single ring alicydic dienes such as: 1.4-cyclohexadiene; 1.5-cydooctadiene; 1 ,5-cydo-dodecadiene: 4- 
vinylcydohexene; 1-allyl. 4-isopropylidene cydohexane; 3-allyl-cydopent ne; 4-allyl cydohexene and 1- 
isopropenyl-4-{4-butenyl) cydohexane. 

d. Multi-single ring alicydic dienes such as: 4,4'-dicydopentenyl and 4.4'-dicyclohexenyl dienes. 



55 



3 



EP 0 352 070 B1 



10 



15 



20 



methy|.2.norbornene: 5.p«,penyl-2.nort)ornene- XSydLloT^^J^ 5-methyfene-6. G-di- 

2-norbornene: norbornadiene; etc. 5.{3^yclopentenyl).norborn ne and S-cyd hexyfid ne- 

ETHYLENICALLY UNSATURATED CAR goXYLIC ACID MATPP.^. 
C. to C,o dicarboxylic adds ^e^fa, me^^^^^ 

and (b) at least one. preferably both i said aSntlZr ^^ "^'"^ °" '''J"""* 

derivatives of (i) such as anhyJn^es or C to C h °^ monounsaturallon; or (ii) 

the generic formula ^ carboxyiic acd functionalities. Such preferred materials have 
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sr^rc^^e;;^^^^^^^^ 

As taught by U.S. 4.160 739 an^U ^ 61 S?bor„ t ^^theirmonoesters. etc. 

rious unsaturated comonomers may be graft;^ on thf o^f^^ I , ''^^ein by reference, va- 

ponent, e.g. maleic anhydride. Such g^fTmono^^^^^^ 

different from the unsaturated acid c^ponen a^S^n^f^^^^^ °^ ' '"^^^ comonomers 

are copolymerizabie with said unsaturated Sd com^o'«^ one copolymerizable double bond and 

carboxyiic acid groups and are este^TonS a^ha bett IST «""°"<""«^ "ot contain free 

tion: hydrocarbons, both aliphatic and aSc cSn^ ?n\^„^^^^^^^ ""saturation in the acid or alcohol por- 
C« alpha Olefins, for example feobuty^^^^^^^ unsaturadon. such as the C.- 

alpha-methy, styrene. p-meSy, styrent "sec u^';;^^^^^^^ ^"'"P'e styrene. 

ate. vinyl chloride, vinyl ketones such as meth^ and et^vin^keion^^^ T^Z^'"' T ^'"^ 
groups which may cause aosslinking gelation or oth^r^t JH^- ^ Comonomers containing functional 

amounts Of such comonomers (up oa1^^1;.rb?S,o^^^^^^ 
Wic useful copolymer^Lcomonr^^^^^ 

va.enc.caproic.stean-c.oxy.:atrsu2:;Sr^^^^^^^^ 

.c. .sophthalic. terephthalic. hemimellitic. trimeimi?. ^me^oaoti lTi^^^ 

rated alcohols may be monohydroxy orp^lyhvdrtwv alTh^u .n^ * ^"'''"^ ""*atu- 
suchasthefollowfng:allyl.methSS^.^^^^^^ 

Sth^ir^^^^^^^^^^^ - ca^S^atoms such as a..ic. 

from saturated alcohols and a cohof^piS T?,ert^r?t^^^^^^^^^ ''"^f^ "'^'^^'^ 
40 carbon atoms and indude monohydroxy compou'TsTh as meL'nd 'If ^'^"^ 

ethylhexanol.octanol.dodecand cydohexanol Lion^nt=.n , ^^^^nd. propand. butand. 2- 

alcohol ethers such as the mononS^; ^To o^^^ 

including mixtures. The alcohd epoxid s indude fatty Sof 1^!^ "!''r'""' 

of alkylene oxides. epid,lorohydrln. and the like. induc^^^L« ' " '"'"""^^^ 
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The components of th graft copolymerizable system are used in a ratio of unsaturated acid monomer com- 
ponent to comonon>er component f about 1:4 to 4:1. preferably about 1^ to 2:1 by weight 

GRAFTING OF THE ETHYLENE COPOLYMER 
5 ' " 

The grafting of the ethylene copolymer with the ethylenically unsaturated carboxylic add material may be 
by any suitable method, such as thermally by the "ene* reaction, using copolymers containing unsaturation 
suchasethylene-propylene-diene polymers either chlorinated orunchlorinated, extruderormasticatorgrafting' 
or more preferably it is by free-radical induced grafting in solvent, preferably in a mineral lubricating oil as sok 
10 vent 

The free-radical induced grafting of ethylenically unsaturated carboxylic acid materials in solvents, such 
as benzene, is known in the art and disclosed, inter alia, in US-A-223691 7, incorporated herein by reference. 
The free-radical grafting is preferably carried out using free radical initiators such as peroxides and hydroper- 
oxides, and nitrile compounds, preferably those which have a t>oiIing point greater than about 100**C and which 
15 decompose thermally within the grafting temperature range to provide said free radicals. Representative of 
these free-radical initiators are azobutyro-nitrile. 2,5-dimethyl-hex.3.yne-2. 5 bis-tertiary-butyi peroxide (sold 
as Luperso 130) or its hexane analogue, di-tertiary butyl peroxide and dicumyl peroxide. The initiator is gen- 
erally used at a level of between about 0.005% and about 1%, based on the total weight of tiie polymer solution 
and temperatures of about 150 to 220**C, 

The ethylenically unsaturated carboxylic acid material, preferably maleic anhydride, will be generally used 
in an amount ranging from about 0.01% to about 10%. preferably 0.1 to 2.0%. based on weight of the initial 
total solution. The aforesaid carboxylic acid material and free radical initiator are generally used in a weight 
percent ratio of ethylenically unsaturated carboxylic acid material to free radical initiator of about 1.0-1 to 30*1 
preferably 3.0:1 to 6:1. 

The initiator grafting is preferably carried out in an inert atmosphere, such as that obtained by nitrogen 
blanketing. While the grafting can be carried out in the presence of air, the yield of the desired graft polymer 
is generally thereby decreased as compared to grafting under an inert atmosphere substantially free of oxygen. 
The grafting time will usually range from about 0.1 to 12 hours, preferably from about 0.5 to 6 hours, more pre^ 
ferably 0.5 to 3 hours. The graft reaction will be usually carried out to at least approximately 4 times, preferably 
at least about 6 times tiie half-life of the free-radical initiator at the reaction temperature employed, e.g. with 
2.5-dimethyl hex-3-yne-2. 5-bis(t-butyl peroxide) 2 hours at 160**C. and one hour at 170X., etc. 

In the grafting process, usually the copolymer solution is first heated to grafting temperature and tiiereafter 
said unsaturated cartwxylic acid material and initiator are added with agitation, altiiough ttiey could have been 
added prior to heating. When the reaction is complete, the excess acid material can be eliminated by an inert 
gas purge, e.g. niti-ogen sparging. Preferably the carboxylic acid material that is added is kept below its solubility 
limit in the polymer solution, e.g. below about 1 wt %. preferably below 0.4 wt % or less, of free maleic an- 
hydride based on the total weight of polymer-solvent solution, e.g. ethylene copolymer mineral lubricating oil 
solution. Continuous or periodic addition of the carboxylic acid material along with an appropriate portion of 
initiator, during the course of the reaction, can be utilized to maintain the carboxylic acid below its solubility 
40 limits, while still obtaining the desired degree of total grafting. 

In the grafting step the maleic anhydride or other carboxylic acid material used may be grafted onto both 
the polymer and the solvent for the reaction. Many solvents such as dichlorobenzene are relatively inert and 
may be only slightly grafted, while mineral oil will tend to be more grafted. The exact split of graft between the 
substrates present depends upon the polymer and its reactivity, ttie reactivity and type of solvent, the concen- 
tration of the polymer in the solvent and also upon the maintenance of the carboxylic acid material in solution 
during the course of tiie reaction and minimizing the presence of dispersed, but undissolved acid, e.g. the maleic 
anhydride. The undissolved add material appears to have an increased tendency to react to form oil insoluble 
materials as opposed to dissolved acid material. The split between grafted solvent and grafted polymer may 
be measured empirically from the infrared analyses of the product dialyzed into solvent and polymer fractions. 

The grafting is preferably carried out in a mineral lubricating oO which need not be removed after the graft- 
ing step but can be used as the solvent in tiie subsequent reaction of tiie graft polymer with the amine material 
and as a solvent for tiie end product to form the lubricating additive concentrate. The oil having attached, grafted 
carboxyl groups, when react d witii the amine material wni also be converted to the corresponding derivatives. 

The solution grafting step when carried out in the presence of a high temperature decomposable peroxide 
can be accomplished without substantial degradation of tiie chain length (molecular weight) of the etiiylene con- 
taining polymer. 
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THE POLYAMINES 

pr J?;S: TrZZt:TZl':r'^ ^"'^^"^ -l, have ^.o or n^re 

5 groups may already be reXi ' '""''^ ""«'-'«^- - ^^^^ "e of the aTne 

Preferred amines are aliphatic saturated amines, including those of the general f rmulae: 



10 



(I) 



and 



15 



20 



25 



30 



R^^-N-(CH2), 




(la) 



radicals: and C, to C„ alkyfamino 4 to SSner^6^l!^nT\ ^ '° ""^"^ ^'"'"^ ^'k^ene 

a moiety of the formJa ^ ^ can additionally comprise 



fCH2),. N— 
I 



(lb) 



35 



40 



45 



SO 



^.2ror;;;f:;::^^^^^^^^^^^ 

0 to 1 0. preferably about 2 to 7. most preferabh, ab^ut 3 to 7 h 'yP'^'ly ^ 
Toassureafadle reaction it is preferred thatR^R^"*Ri°J^^ 

to provide the compounds of formula la with typically at leasVlwo n ^r " ^ ™""«'«"ff'cient 

by selecting at least one of said R-v R- or R- 1 1 !f k . 9™"^*- ■^"''^ be achieved 

i..rirt^nrsi:irtr^^^ 

N.N-di(2-hydroxyeVl.^prop;e^^^^^^^^ 

Other useful amine compounds include- ^tevdir h21-« u ®= hereof. 

N-amlnoalM piperazines of gteS t JaT ' '""^ 1.4-di(aminoethyl) cydohexane. and 



(II) 
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lene dichloride) with ammonia, which results in a complex mixture of alky! ne amines wher in pairs of nitrogens 
are joined by alkylene groups, forming such compounds as diethylene triamine, triethylenetetramine, tetra thy- 
lene pentamine and corresponding piperazines. Low cost po!y(ethyleneamine) compounds av raging about 5 
to 7 nitrogen atoms per molecul are avaOable commercially under trade names such as 'Polyamine H", "Poly- 
amine 400", "Dow Polyamine E-100*, etc. 

Useful amines also include polyoxyalkylene polyamines such as those of the formulae: 



NH2 alkyl«n« 

\ A ■ (III) 



where m has a value of about 3 to 70 and preferably 10 to 35; and 



IS 



20 



alkyltnt 



J 



NH2 



(IV) 



25 



30 



35 



where n has a value of about 1 to 40. with the provision that the sum of all the n*s is from about 3 to about 70, 
and preferably from about 6 to about 35. and is a substituted saturated hydrocarbon radical of up to 10 cartoon 
atoms, wherein the number of substituents on the group is from 3 to 6, and "a" is a number from 3 to 6 which 
represents the number of substituents on Rv The alkylene groups in either formula (III) or (IV) may be straight 
or branched chains containing about 2 to 7, and preferably about 2 to 4 carbon atoms. 

Particularly preferred polyamine compounds are the polyoxyalkylene polyamines of Formulae III and IV. 
and the alkylene polyamines represented by the formula 



H — N — alkylene - N 

I i A 



H 



(V) 



wherein x is an integer of about 1 to 10, preferably about 2 to 7. and the alkylene radical is a straight or branched 
chain alkylene radical having 2 to 7, preferably about 2 to 4 carbon atoms. 

Examples of the alkylene polyamines of formula (V) include methylene amines, ethylene amines, butylene 

40 amines, propylene amines, pentylene amines, hexylene amines, heptylene amines, octylene amines, other 
polymethyiene amines, the cydic and higher homologs of these amines such as the piperazines, the amino- 
alkyi-substituted piperazines, etc. These amines include, for example, ethylene diamine, diethylene triamine, 
triethylene tetramine, propylene diamine, di(-heptamethylene)triamine. tripropylene tetramine, tetraethyiene 
pentamine. trimethylene diamine, pentaethylene hexamine. di(trimethylene)triamine. 2-heptyl-3-(2-aminopro- 

45 pyl)imida20line, 4-methyIimidazoline, 1.3-bis-(2-aminopropyi)imidazoline, pyrimidine. 1-(2-aminopropyI)piper- 
azine, 1.4-bis(2-aminoethyl)piperazine, N.N'-dimethyaminopropyl amine. N,N'-dioctyiethyi amine, N-octy!-N'- 
methylethylene diamine. 2-methyU1-(2aminobuty!)piperazine. etc. Other higher honrwlogs which nr^y be used 
can be obtained by condensing two or more of the above-mentioned alkylene amines in a known manner. 
The ethylene amines which are particularly useful are described, for example, in the Encyclopedia of 

50 Chemical Technology under the heading of "Ethylene Amines" (Kirk and Othmer). Volume 5, pgs. 898-905; In- 
terscience Publishers, New York (1950). incorporated herein by reference. These compounds are prepared by 
the reaction of an alkylene chloride with ammonia. This results in the production of a complex mixture of alkylene 
amines, including cyclic condensation products such as piperazines. While mixtures of these amines may be 
used for purposes of this invention, it is obvious that pure alkylene amines may be used with complete satis- 

55 faction. 

The polyoxyalkylene polyamines of formulae'lll and IV, preferably polyoxyalkylen diamines and polyox- 
yalkylene triamines. may have average molecular weights ranging from about 200 to about 4000 and preferably 
from about 400 to about 2000. The pr f erred polyoxyalkylene polyam in s include the polyoxyethy I ne and the 
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polyoxypropylene d.am.nes and the polyoxypropylene triamines having average molecular weights ranging 
from about 200 to 2000. Th polyoxyalkylene polyamines are commercially avaflable and may be obtained for 

example, from the Jefferson Chemical Company. Inc. under the trade nam "Jeffamines D-230 D-400 D-IOOO 
O-2000. T-403", etc. ' ".•^■ww, 

POLYOL 

In another aspect of the invention the grafted ethylene copolymer is reacted with a polyol instead of with 
a polyamine. -m n 

Suitable polyol compounds which can be used include aliphatic pdyhydric alcohols containing up to about 
100 carbon atoms and about 2 to about 10 hydroxyl groups. These alcohols can be quite diverse In structure 
and chemical composition, for example, they can be substituted or unsubstituted. hindered or unhindered 
branched chain or straight chain, etc. as desired. Typical alcohols are alkylene glycols such as ethylene glycol' 
propylene glycol, frimethylene glycol, butylene glycol, and pdyglycds such as diethylene glycol, triethylene giyi 
col. tetraethylene glycol, dipropylene glycol, tripropylene glycol, dibutylene glycol, tributylene glycol, and other 
alkylene glycols and pdyalkylene glycols in which the alkylene radical contains from two to about eight carbon 
atoms. Other useful polyhydric alcohols include glycerol, monomethyl ether of glycerol, pentaerythritol dipen- 
taerythntol. tripentaerythritol. 9.10-dihydroxystearic acid, the ethyl ester of 9.10.dihydroxystearic add 3- 
chloro-1.2-propanediol. 1.2.butanediol. 1.4-butanediol. 2.3.hexanediol. pinacd. tetrahydroxy pentane. erythri- 
tol. arabitol. sorbitol, mannitol. 1.2.cydohexanediol. 1.4^dohexanediol. 1.4-(2-hydroxyethyl).cydohexane 
1.4-dihydroxy-2-nitrobutane. 1.4-di-(2-hydroxyethyl)-ben2ene. and the carbohydrates sudi as glucose, man^ 
nose, glyceraldehyde, galactose, and the like. 

Induded within the group of aliphatic alcohols are those alkane polyols which contain ether groups such 
as polyethylene oxide repeating units, as well as those pdyhydric alcohols containing at least three hydroxyl 
groups, at least one of which has been esterified with a mono-carboxylic add having from eight to about 30 
carbon atoms such as octanoic add. oleic add. stearic add. linoleic ackJ. dodecanoic add. or tall oil acid Ex- 
amples of such partially esterified pdyhydric alcohols are the monoK)leate of sorbitd. the mono-deate of gly- 
cerol. the monostearate of glycerd. the di-stearate of sorbitol, and the di-dodecanoate of erythritol. 

A preferred dass of aliphatic alcohols are those containing up to 20 carbon atoms, and espedaily those 
containing three to 15 carbon atoms. This dass of alcohds indudes glycerol, erythritol. pentaerythritol dipen- 
taerythntol. tripentaerythritol. gluconic add. glyceraldehyde. glucose, arabinose. 1.7-heptanedid. 2.4-hepta- 
nedid. 1.2.3-hexanetriol. 1.2.4-hexanetrid. 1.2.5-hexanetrid. 2.3.4-hexanetrid. 1.2.3-butanetriol, 12 4- 
butanetrid. 2.2.6.6-tetrakis(hydroxymethyl)-cydohexand. 1 .10-decanediol. and the like. 

An espedaily preferred dass of pdyhydric alcohols are the polyhydric alkands containing three to 15 es- 
pecially three to six carbon atoms and having at least three hydroxyl groups. Such alcohds are exemplified in 
the above specifically identified alcohols and are represented by glycerd. erythritd. pentaerythritd. mannitd 
sorbitol. 1 .2.4 hexanetrid. and tetrahydroxy pentane and the like. 

THE HIGH FUNCTIONALITY DICARBOXYUC ACID MATERIAL 

The high functionality long chain hydrocarbyl substituted dicartoxylic add material which is used to make 
the multifunctional viscosity index improver of the instant inventon indudes the reaction product of long chain 
hydrocarbon polymer, generally a polydef in. with (i) monounsaturated C* to C,o dicarboxylic add wherein (a) 
the carboxyl groups are vidnyl. i.e.. located on adjacent carbon atoms, and (b) at least one. preferably both, 
of said adjacent carbon atoms are part of said mono unsaturation; or with (ii) derivatives of (i) such as anhydr- 
ides or C, to Cj alcohol derived mono- or diesters of (i). Upon reactton with the hydrocarbon polymer, the mono- 
unsaturation of the dicarboxylic add. anhydride, or ester becomes saturated. Thus, for example, maleic 
anhydride becomes a hydrocarbyl substituted sucdnic anhydride. 

Typically, from about 1.7 to about 2.8. preferably from about 1.8 to about 2.7. and more preferably from 
about 1.9 to about 2.6 moles of said unsaturated C* to Cw dicarboxylic add. anhydride or ester are charged 
to the reactor per mole of polyolefin charged. 

Normally, not all of the polydefin reacts witii the unsaturated add or derivative and the hydrocarbyl sub- 
stituted dicarboxylic acid material will contain unreaded pdydefin. The unreaded polydefin is typically not 
removed from the reaction mixture (b cause such removal is difficult and would be commerdally infeasible) 
and the product mixture, stripped of any unreacted monounsaturated C4 to C,o dicarboxylic acid, anhydride, 
or ester is mployed for further readion with the amine or alcohol as described hereinafter to make the dis^ 
persanL 

Characterization of the average number of moles of dicarboxylic acid, anhydride, or ester, which have re- 
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acted p rmole of polydefin charged to the reaction (whether it has undergone reaction or not) Is defined herein 
as functionality. Said functionality is based upon (i) determination of the saponification number of the resulting 
product mixture using potassium hydroxide; and (ii) the number average molecular weight f the polymer 
charged, using t chniques w II known in the art Functionality is defined sol ly with ref rence to the resulting 

5 product mixture. Although the amount of said reacted polydef in contained In the resulting product mixture can 
be subsequently modified, i.e. increased or decreased by techniques known in the art. such modifications do 
not alter functionality as defined above. The term hydrocarbyt substituted dicarboxyticacki material is intended 
to refer to the product mixture whether it has undergone such modification of not. 

Accordingly, the functionality of the high functionality long chain hydrocarbyl substituted dicarboxylic acid 

10 material is at least 1 .2. preferably at least about 1 .3, more preferably at least about 1.4. and is generally from 
1.2 to about 2.0. preferably from about 1.3 to about 1.9, and more preferably from about 1.4 to about 1.8. 

Exemplary of such unsaturated nK>no and dicarboxylic acids, or anhydrides and esters thereof are fumaric 
add. Itaconic acid, nnaleic acid, maleic anhydride, chloromaleic acid, chloromaleic anhydride, acrylic acid, me- 
thacrylic acid, crotonic acid, onnamic ackf , etc. 

15 Preferred olefin polymers for reaction with the unsaturated dicarboxylic acid, or anhydride are polynners 
comprising a major molar amount of C2 to C28. e.g. C2 to C5. nrK>noolefin. Such olefins include ethylene, pro- 
pylene, butene. isobutylene. pentene, octene-1. styrene. etc. The polymers can be homopolymers such as poly- 
tHJtene, as well as copolymers of two or nnsre of such olefins such as copolymers of: ethylene and propylene; 
butylene and isobutylene; propylene and isobutylene; etc. Other copolymers Include those in which a minor 

20 molar amount of the copolymer monomers, e.g.. 1 to 10 mole %, is a C4 to Cie non-conjugated diolefin, e.g., 
a copolymer of isobutylene and butadiene; or a copolymer of ethylene, propylene and 1.4-hexadiene; etc. 

In some cases the olefin polymer may be completely saturated, for example an ethylene-propylene copo- 
lymer made by a Ziegler-Natta synthesis using hydrogen as a moderator to control molecular weight 

The olefin polymers will usually have number average molecular weights (M within the range of about 

25 400 and about 10.000. preferably between about 400 to 5000. and more preferably between about 600 and 
about 2500. Particularly useful olefin polymers have number average molecular weights within the range of 
about 800 and about 1 1 00 with approximately one terminal double t)ond per polymer chain. An especially useful 
starting material for the high functionality long chain hydrocarbyl substituted dicarboxylic acid producing ma- 
terial of this invention is poly(butene) or poly (C^-alkene). e.g., poly(n-butene). poiyisobutylene. and mixtures 

30 thereof. 

Processes for reacting the olefin polymer with the C4-C10 unsaturated dicarboxylic acid, anhydride or ster 
are known in the art For example, the olefin polymer and the dicarboxylic acid material may be simply heated 
together as disclosed in US-A-3361673 and 3401118 to cause a thermal "ene* reaction to take place. Alterna- 
tively, the olefin polymer can be first halogenated. for example, chlorinated or brominated to about 1 to 8 , pre- 
35 ferably 3 to 7 wt % chlorine or bromine, based on the weight of polymer, by passing the chlorine or bromine 
through the polyolefin at a temperature of 60 to 160*C. e.g., 110* to 130*C, for about 0.5 to 10, preferably 1 to 
7 hours. The halogenated polymer may then be reiacted with sufficient unsaturated acid or anhydride at 100 
to 250*C, usually about 180 to 235*C., for about 0.5 to 10 hours, e.g. 3 to 8 hours. Processes of this general 
type are taught inter alia, in US-A.3087936; 3172892 and 3272746. 
40 Alternatively, the olefin polymer and the unsaturated acid arterial are mixed and heated while adding chl r- 
ine to the hot material. Processes of this type are disclosed in US-A-3215707; 3231587; 3912764; 4110349; 
4234435; and GB-A.1440 219. 

By the use of halogen, about 65 to 95 wt % of the polyolefin, e.g. poly(butene), will normally react with 
the dicarboxylic add material. Upon carrying out a thermal reaction without the use of halogen or a catalyst 
4$ then usually only about 50 to 85 wt % of the poiyisobutylene will react Chlorination helps increase the reactivity. 

The preferred high functionality long chain hydrocarbyl substituted dicarboxylic acid material is polyisobu- 
tenyl sucdnic anhydride having a functionality of from 1 ^ to about 2.0. preferably from about 1 .3 to about 1.9. 
and more preferably from about 1.4 to about 1.8. 

50 REACTION OF GRAFTED ETHYLENE COPOLYMERS WITH AMINE OR PQLYOt AND HIGH FUNCTION- 
ALITY tONG CHAIN HYDRQCARBYt SUBSTITUTED DICARBOXYLIC ACID f^TERIAL 

The grafted ethylene copolymer, preferably in solution generally equal to about 5 to 30 wt %. preferably 
10 to 20 wt. % polymer, can be readily reacted with a mixture of amine or polyol and high functionality long 
55 chain hydrocarbyt substituted dicarboxylic acid mat rial by heating said mixture at a temp rature of from at>put 
100<*C to 250**C, preferably from 150* to 200*C, for from 0.1 to 10 hours, usually about 0.5 to about 3 hours. 
The heating is preferably carried out to favor, in the case of polyamines, formation of imides rather than amides 
and salts. Thus, imide formation will give a lower viscosity of the reaction mixture than amide f rmation and 
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Tr^^^^J^^^rT^ r'""- ''^"^''^ ""'""O" °^ a ''igher concentration of 

"''^^^^^ ^-S- stripping during slow addition 
f the amine with st.rnng assures completion of the imidation reaction. Reaction rabos vary considerably 

d used « an amount effective to enhance or improve the dispersant pmperti s of the compounds of the Insum 
mvention. GeneraNy. m the case of the polyamlnes. the amount of polyamine used is an amount which is ef- 
fective to provide from about 0.5 to about 1.5 equivalents, preferably from about 0.8 to about 1 2 eauivalents 

ed dicarboxylic acid moiety e.g.. succinic anhydride. 

The amount of high functionality long chain hydrocarbyl substituted dicarboxylic acid material utilized is an 
amount which is (i) effective to prevent eross^inking or excessive chain^xtension of the grafted ethylene co- 
polymer during aminationflmidabon thereof, and (iO effective to provide a V.I. Improver-dispersant corriposibon 
exhibiting improved low temperature viscometric properties in oO relative to a V.I. inpfover^lispersant comoo- 
sibon prepared using a com^entional low functionality long chain hydrocarbyl substituted dicarboxylic add rna- 
tenal. Generally this amount is from about 0.3 to about 1.2. preferably from about 0.6 to about 1 2 more 
preferably from about 0.9 to about 1.1 mde equivalents of said high functionality long diain hydrocart)/ sub- 
stituted dicarboxylic add material per mde of the grafted dicarboxylic acid irwiety content, e.g.. grafted maleic 
anhydnde content, of the grafted ethylene copolymer and advent, if any. such as ofl 
« Ti*!!"^ hydrocarbyl substihited dicarboxylic add material of the present invention has a higherfunc- 
tonality than the long chain hydrocarbyl substitaited dicarboxylic acid material of conventional V.l.-dispersants 
ThuMhe high functionality long chain hydrocarbyl substituted dicarboxylic add material contains more reacted 
dicarboxylic acid moieties than an equal weight amount of a low functionality hydrocarbyl substituted dicarbox- 
ylic aodmatenal. Therefore, it requires a smallerweight amount of the high functionality long diain h 
substituted dicarboxylicacid material to provide a number of dicarboxylic acid moieties equivalentto the number 
of said dicarboxylic add moieties present in a larger amount of low functionality long chain hydrocarbyl substi- 
hited di«irbox)Jic add material. As discussed hereinafore it is the dicarboxylic add moieties of the long chain 
hydrocarbyl substituted dicart^oxylic acid material that read, in the case of polyamlnes. with the remaining un- 
reacted pnmary amino groups of the polyamine (the other primary amino group of the pdyamine having reacted 
with the acid moiety of the acid grafted ethylene copolymer) to reduce or inhibit cross-linking or excessive diain- 
extension between the grafted ethylene cepdymermdecules. As further discussed hereinafore it is also these 
dicarboxylic acid moieties that react with the oil molecules (which were grafted with maleic anhydride during 
the ethylene copolymer grafting and reacted with the amine) to solubflize these grafted oil mdecules. Therefore 
less weight amount of the high fundionality long diain hydrocarbyl substituted dicarboxylic add material tharl 
of a low functionality long diain hydrocartjyl substituted dicarboxylic ackl material is required to achieve these 
beneficial effects of limiting cross-linking and solubilization. 

While not wishing to be bound by any theory, it is believed that it is the presence of the relatively low mo- 
lecular weight long chain hydrocarbyl substituted dicarboxylic add material (rdative to the high molecular 
weight ethylene copolymer) that is at least partially responsible for the debit in the low temperahire viscosity 
of the V.I.-dispersanL Redudng the amount of this long diain hydrocarbyl substituted dicarboxylic add material 
resulte in a credit to the low temperature viscosity of the V.I.-dispersanL However, if said long diain hydrocarbyl 
substituted dicarboxylic add material is of low functionality, decreasing the amount of this add material would 
adversely affect its benef Idal effects of inhibiting cross-linking or excessive chain-extension of the grafted thy- 
lene copdymer mdecules during aminationTanidation and sdubilizing grafted oil mdecules. Since the long 
Cham hydrocarbyl substituted dicarboxylic add material of the present im^ention is a high fundionality long chain 
hydrocarbyl substituted dicarboxylic add material a smaller amount of this high fundionality add material pro- 
vides a number of reacted dicarboxylic acM or anhydride moieties equal to that present in a larger amount of 
tow fundionality long chain hydrocarbyl substihited dicarboxylic add material and. therefore smaller amounts 
of the high functionality long chain hydrocarbyl substituted dicarboxylic add material can be used without sub- 
stantially deleteriously affeding the intended function of said ackl material. i.e., inhibiting cross-linking or ex- 
cessive chain-extension of the grafted ethylene copdymer during amination/imidation and sdubilizing the 
grafted oil molecules. Redudng the amount of the long chain hydrocarbyl substituted dicarboxylic acid material 
which redudion is made possible by the utilization of the high fundionality long chain hydrocarbyl substituted 
dicarboxylic acid material of the instant invention, results in an improvement in the low temperature viscometric 
properties of the V.l.-disp rsant. 

Alternatively, the pdyamine or polyol and the high functionality tong-chain hydrocarbyl substituted dicar- 
boxylic add material may be pre-reacted to form an amine-acid adduct r ster adduct. and Uiis adduct may 
then be reacted with ttie grafted ethylene copolymer. In the case of the amine-acid adduct the add moiety of 
ttie high functionality long chain hydrocarbyl substituted dicarboxylic add material is generally attached to the 
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polyamine moiety through salt, imide, amide, amidlne, ester or ther linkages formed with one primary amine 
group of said polyamine so that anoth r primary amine group of the polyamine is still available f r reaction with 
the add moieties of the grafted ethylene copolymer, in th case of the est r adduct the acid moiety is generally 
attached to the polyol moi ty through st r linkages f rmed with one hydroxy group of the poiyols that another 

5 hydr xyl groupof the polyol is still available for reaction with the add moieties of the grafted ethylene copolymer. 
Usually, th se adducts are made by condensing th high functionality long chain hydrocarbyf substituted 
dicarboxylic nnaterial, preferably a sucdnic acid producing material such as alkenyl sucdnic anhydride, with a 
polyamine or pdyol induding those described above under The Amines" or "The Poiyols". 

Formation of dicarboxylic ackJ polyamine or polyol adduct by reaction of polyamine or polyol with alkenyl 

10 succinic anhydride prepared from the reaction of a polyolef in or chlorinated pdydef in and maleic anhydride, 
etc. is well known in the art, as seen In US-A-3272746. 

Most preferred are the adducts made by reaction of the aforesaid alkylene polyamines, previously descri- 
bed, with a high functionality alkenyl succinic anhydride. 

Reaction, in the case of a polyamine. preferably amination and/or imidation of the high functionality long 

15 Chain hydrocarbyf substituted dicarboxylic add material is usefully done as a solutton reaction with said dicar- 
boxylic acid notarial, usually polyisobutenylsucdnic anhydride, dissolved in a solvent such as mineral I, to 
which the other reactant is added. The formation of the adducts in high yield can be effected by adding from 
about 0.5 to 3.3 preferably about 0.7 to 1 .3. most prefera biy about 1 molar proportion of the alkylene polyamine 
per molar proportion of alkenyl sucdnic anhydride to said solution and heating the mixture at 140^0 to leS'^C 

20 or higher until the appropriate amount of water of reaction is evolved. Typically the mineral oil solvent is adjusted 
so that it constitutes 50% by weight of the final acyl nitrogen compound solution. 

Another, and generally preferred, method of nrtaking the multi-functional viscosity index improvers of the 
instant invention is a sequential reaction process comprising (i) forming the grafted ethylene copolymer, (ii) 
adding to said grafted ethylene copolymer the high functionality long chain hydrocarbyl substituted dicarboxylic 

25 add material so as to form a mixture of said grafted ethylene copolymer and said high functionality long chain 
hydrocarbyl substituted dicarboxylic acid material, and (iiO reacting this mixture with the polyamine or polyd. 

A minor amount, e.g. 0.001 up to 50 wl %. preferably 0.005 to 25 wt. %. based on the weight of the total 
composition, of the oil-soluble functionalized graft ethylene copolymers produced in accordance with this in- 
vention can be incorporated into a major amount of an oleaginous material, such as lubricating oil or hydrocar- 

30 bon fuel, depending upon whetiier one is forming finished products or additives concentrates. When used in 
lubricating oO compositions, e.g. automotive or diesel crankcase lubricating oil, the nitrogen-containing or ester- 
containing grafted polymer concentrations are usually within the range of about 0.01 to 10 wt %, e.g. 0.1 to 
6.0 wt %, preferably 0.25 to 3.0 wt %, of the total composition. The lubricating oils to which the products of 
tiiis invention can be added indude not only hydrocarbon oil derived from petroleum, but also indude synth tic 

35 lubricating oils such as esters of dibasic adds; complex esters made by esterif ication of monobasic adds, poly- 
glycols, dibasic adds and alcohols: polyolefin oOs. etc. 

The multi-functional viscosity index improvers of the instant invention nr^y be utilized in a concentrate form, 
e.g., from about 5 wt % up to about 50 wt %. preferably 7 to 25 wt %, in oil, e.g.. mineral lubricating oil. for 
ease of handling, and may be prepared in this form by carrying out the reaction of the inventk)n in oil as pre- 

40 viously discussed. 

The compositions produced in accordance with the present mvention have been found to be particularly 
useful as fuel and lubricating oO additives. 

When the compositions of this invention are used in normally liquid petroleum fuels, such as middle dis- 
tillates boiling from about 65' to 430**F. induding kerosene, diesel fuels, home heating fuel oil, jet fuels, etc., a 
45 concentration of the additive in the fuel in the range of typically from 0.001 wt % to 0.5 wt %, preferably 0.005 
wt % to 0.2 wt %, based on the total weight of the composition, will usually be employed. These additives can 
contribute fuel stability as well as dispersant activity and/or varnish control behaviour to the fuel. 

The compounds of this invention find their primary utility, however, in lubricating oil compositions, v^ich 
employ a base oil in which the additives are dissolved or dispersed. Such base oils nr^y be natural or synthetic. 
50 Thus, base oils suitable for use in preparing the lubricating compositions of the present invention indude 
those conventionally employed as crankcase lubricating oils for spark-ignited and compression-ignited internal 
combustion engines, such as automobile and truck engines, marine and railroad diesel engines, and the like. 
Advantageous results are also achieved by employing th additives of the present invention in base oils con- 
ventionally employed in and/or adapted for use as pow r transmitting fluids such as automatic transmission 
55 fluids, tractor fluids, universal tractor fluids and hydraulic fluids, heavy duty hydraulic fluids, power st ering 
fluids and the like. Gear lubricants, industrial oils, pump oils and other lubricating oil compositions can also 
b nef it from th incorporation therein of th additives of the present inv ntion. 

Thus, the additives of the present invention n^ay be suitably incorporated into synthetic base oils such as 
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Moreover, the additional incorpori^on o oSe^^JS^ Jl'T ^^'ch the oB is alloyed 

to ticular polymer adduct hereof^ desired '""'^""o" of higher levels o?a pa^ 

--^^^^^l:^:^^ in. .e .lly formulated 

composiUon with an amount of the additive of ^M^ll^n. TT ^ '^'^^ '"be oil 
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More spec^ically. the natural lubricating ofl base sl«ii w^STS.' s ^ 
vent,on may be straight mineral lubricating'oil or distSdeXed^^ ^«'"P<»'«on« o^this in- 
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«h.bitors. oxidation inhibitors. «ction modif fe^oth^d^^^^^^ other viscosity modifiers, corrosion 
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genis. reduce the degradation of the metallic parts con- 
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tacted by the lubncating oil composition. Illustrative of corrosion inhibitors are phosphosulfurized hydrocarbons 
and the products obtained by reaction of a phospho-sulfurized hydrocarbon with an alkaline earth metal oxide 
orhydroxide. preferably in the presence of an alkylated phen lor fanalkylphen Ithloest r, and also pref rably 
in the presence of an alkylated ph nol or of an alkytphenol thioester, and also preferably in the presence of 
carbon dioxid . Phosphosulfurized hydrocarbons are prepared by reacting a suitable hydrocarbon such as a 
terpene. a heavy petroleum fraction of a Cj to C, olefin polymer such as pdyisobutylene. with from 5 to 30 wL 
% of a sulfide of phosphorus for 1/2 to 15 hours, at temperature in the range of about 66 to about 31 6»C. Neu- 
tralization of the phosphosulfurized hydrocarbon may be effected in the manner taught in US-A-1969324. 

Oxidation inhibitors, or antioxidants, reduce the tendency of mineral oils to deteriorate in service which de- 
terioration can be evidenced by the products of oxidation such as sludge and varnish-like deposits on the metal 
surfaces, and by viscosity growth. Such oxidation inhibitors include alkaline earth metal salts of alkylphenolth- 
toesters having preferably Cj to C„ alkyi side chains. e.g.. calcium nonylphenol sulfide, barium toctylphenyl 
sulfide, dioctylphenylamine. phenylalphanaphthylamine, phospho-sulfurized or sulfurized hydrocarbons, etc 

Other oxidation Inhibitors or antioxidants useful in this Invention comprise oil-soluble copper compounds. 
The copper may be blended into the oil as any suitable oil soluble copper compound. By oil soluble it is meant 
that the compound is oil soluble under normal blending conditions in the oil or additive package. The copper 
compound may be in the cuprous or cupric form. The copper may be in the form of the copper dihydrocaibyl 
thfo- or dithio-phosphates. Alternatively, the copper may be added as the copper salt of a synthetic or natural 
carboxylic add. Examples of same thus indude C,o to C,a fatty adds, such as stearic or palmitic add. but un- 
saturated adds such as oleic or branched carboxylic acids such as napthenic acids of mdecular weights of 
firom about 200 to 500. or synthetic carboxylic adds, are preferred, because of the improved handling and sol- 
ubility properties of the resulting copper carboxylates. Also useful are ofl-soluble copper dithiocartjamates of 
the general formula (RWR2i.NCSS)^Cu (where z is 1 or 2. and R^and R2'. are the same or different hydrocarbyl 
radicals containing from 1 to 18. and preferably 2 to 12. cartjon atoms, and induding radicals such as alkyl. 
alkenyl. aryl. aralkyl. alkaryl and cydoaliphatic radicals. Particularly preferred as R»> and R^, groups are alkyl 
groups of from 2 to 8 carbon atoms. Thus, the radicals may. for example, be ethyl, n-propyl. i-propyl. n-butyl. 
Hbutyl. sec-butyl, amyl. n-hexyl. i-hexyl. n-heptyl. n-octyl. decyl. dodecyl. octadecyl. 2-ethylhexyl. phenyl, bu^ 
tylphenyl. cydohexyl. methylcydopentyl. propenyl. butenyl, etc. In order to obtain oil sdubility. tiie total number 
of carbon atoms (i.e.. R» and R2\) will generally be about 5 or greater. Copper sulphonates. phenates. and 
acetyl acetonates may also be used. 

Exemplary of useful copper compounds are copper Cu' and/or Cu" salts of alkenyl sucdnic adds or an- 
hydrides. The salts themselves may be basic, neutral or addic. They may be formed by reading (a) polyalkyi ne 
succinimides (having polymer groups of M„ of 700 to 5.000) derived from polyalkylene-polyamines. which have 
at least one free carboxylic add group, with (b) a reactive metal compound. Suitable reactive metal compounds 
indude those such as cupric or cuprous hydroxkJes. oxides, acetates, borates, and carbonates or basic copper 
carbonate. 

Examples of these metal salts are Cu salts of polyisobutenyl sucdnic anhydride, and Cu salts of polylso- 
butenyl sucdnic acid. Preferably, the seleded metal employed is its divalent form. e.g.. Cu+2. The preferred 
substrates are polyalkenyl succinic acids in which the alkenyl group has a mdecular weight greater than about 
700. The alkenyl group desirably has a M„ from about 900 to 1.400. and up to 2,500. with a M„ of about 950 
being most preferred. Especially preferred is pdyisobutylene sucdnic anhydride or add. These materials may 
desirably be dissolved in a solvent, such as a mineral oil. and heated in the presence of a water sdution (or 
slurry) of the metal bearing material. Heating may take place between 70»C and about 200«C. Temperatures 
of 100»C to 140X are entirdy adequate. It may be necessary, depending upon the salt produced, not to allow 
the reaction to remain at a temperature above about UO'C for an extended period of time. e.g.. longer than 5 
hours, or decomposition of the salt may occur. 

The copper antioxWants (e.g.. Cu-polyisobutenyl succinic anhydride, Cu-deate. or mixtures thereof) will 
be generally employed in an amount of from about 50 to 500 ppm by weight of the metal, in the final lubricating 
or fuel composition. 

Fridion modifiers serve to impart the proper fridion charaderistics to lubricating oO compositions such as 
automatic transmission fluids. 

Representative examples of suitable fridion modifiers are found in US-A-3933659 which disdoses fatty 
acid esters and amides: US-A-41 76074 which describes molybdenum complexes of polyisobutyenyl succinic 
anhydride-amino alkands; US-A-4105571 which disclos s glycerol sters of dimeriz d fatty acids: US-A- 
3779928 which disdoses alkane phosphonic add salts: US-A-3778,375 which disdoses reaction products of 
a phosphonat with an deamide: US-A-3852205 which disdoses S-carboxyaikyI ne hydrocarbyl succinimide, 
S-carboxyalkylen hydrocarbyl sucdnamic acid and mixtures thereof; US-A-3879306 which disdoses N(hy- 
droxyalkyl)alk nylsuccinamic acids or succinimides: US-A-3932290 which discloses r action pnaducts of di- 
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Olspeisams maintain ninsolubl ».r sultln9(ioiiioxi((ationdiirlnau»,in«uaii.naionlnii,.n.,u». 
«ntn5 luis. flocailatten and p^dpltalion o, daposiUon on mettl %^ LS"^^ J^^^T 

.wears::?ar^;r^^d;s^r^^;-™Ssr^^ 

DelersenB and metal rust Inhibitors hdude tlie metal salts of sulohonlc adds .11^ « • ^ 

alkyl pttandsalltyl salicylates, naphthena... and otho, o» .olo«. n^nS d^^^ 

Compositions when containing these conventional additives are typically blended into th* h^.. «i • 



AdditiVA 

Viscosity Modifier .01-12 
Corrosion Inhibitor .01-5 
Oxidation Inhibitor .01-5 

Dispersant .1-20 

Pour Point Depressant .01-5 

Anti-Foaming Agents .001-3 

Anti-Wear Agents .001-5 

Friction Modifiers .01-5 
Detergents/Rust Inhibitors .01-10 

Mineral Oil Base Balance 



"^'^ Wt. t 

(Broad) (Preferred) 
.01-4 

.01-1.5 

.01-1.5 

.1-8 

.01-1.5 

.OOI7O.15 

.001-1.5 

.01-1.5 

.01-3 

Balance 



When other additives are employed H may b d sirable, although not necessary, to 



prepare additive con- 
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centrales compnsing concentrated solutions or dispersions of the V.l.-dispersant (in concentrate amounts here- 
inabove described), togeth r with one or more of said other additives (said concentrat when constituting an 
additive mixture being referred to herein as an additive package) wher by several additives can be added si- 
multaneously to the bas oil to form the lubricating oil composition. Dissolution of the additive concentrate Into 
the lubncabng oil may be facilitated by solvents and by mixing accompani d with mild h atlng. but this is n t 
essential. The concentrate or additive-package will typically be formulated to contain the V.l..dispefsant or mul- 
b-functional viscosity index improver additive and optional additional additives in proper amounts to provide 
the desired concentration In the final formulation when the additive-package is combined with a predetermined 
amount of base lubricant. Thus, the products of the present invention can be added to small amounts of bas 
oil or other compatible solvents along with other desirable additives to form additive-packages containing active 
ingredients in collective amounts of typically from about 2.5 to about 90%. and preferably from about 5to about 
75 ^. and most preferably from about 8 to about 50% by weight additives in the appropriate proportions witti 
the remainder being base oil. r r k t~ wim 

The final formulations may employ typically about 10 wt % of the additive-package witii ttie remainder be- 
ing base ou. 

All of said weight percents expressed herein are based on active ingredient (a.i.) content of the additive 
and/or upon the total weight of any additive-package, or formulation which will be the sum of the a.i. weight of 
each additive plus the weight of total oil or diluent 

This invention will be further understood by reference to the following examples, wherein all parts unless 
otherwee indicated, are parts by weight and all molecular weights are number weight average molecular 
weights as noted, and which include preferred embodiments of the invention. 

The following examples illustrate compositions falling outside ttie scope of the instant invention and are 
presented for comparative purposes only. 

COMPARATIVE EXAMPLE 1 

Into a reactor vessel are placed 500 grams of a 20 weight penrent solution of maleic anhydride grafted 
ethylene-propylene copolymer (EPSA) (having a graft level of 0.102 milliequivalent of succinic anhydride per 
gram of grafted ma enal. an ethylene content of about 42-45%. a propylene content of about 55-58%. and a 
M„ of about 30 000) in S100 NLP base oil. This solution is heated to 175-C with stirring under a nit^en at' 

^'^^^'^ 34.55 gramsj 80% oB solution of polybutenyl succinic anhydride 
00/ ^ ^ '""J=''0"a"ty o^about 1.05 (a polybutene M„ of about 950. and a SAP numberof 112 and about 
12% unrearted polybutene) in 5100NLP base oil. The resultant mixture is mixed witi, nitrogen stripping for one 
hour and 5.7 grams of diethylenetriamine are added to this reaction mixture over a period of 15 minutes The 
reactionm«tureisftenstrippedwiUinitrogenfor15minutes.AttheendofthesW^^ 
acid are added to the system as capping agent to cap the residual unreacted primary amine in the system. 

COMPARATIVE EXAMPLE 2 

A lubricating oH composition formulated to 10W40 specifications with a standard detergent inhibitor pack- 
age and containing 12.52 weight % of the reaction product of Comparative Example 1 is prepared by adding 
said reaction product to said on. The CCS at-20-C in mPas (centipoise) and the Kinematic Viscosity at lOO'C 
m r7im2/s (cenbstokes) of this fully formulated lubricating oil composition is determined, and the resuibi are set 
tortn in Table I. 

The following Examples illusb^te compositions of the instant invention. 
EXAMPLES 

The procedure of Comparative Example 1 is substantially repeated except that the low functionality poly- 
butenyl succinic anhydride of Comparative Example 1 is replaced with 34.55 grams of polybutenyl succinic an- 
hydnde having a functionality of about 1.54 (having a polybutene M„ of about 950. and a SAP number of 157 9 
and containing about 7.2% unreacted polybutene) in S100NLP base ofl. 

EXAMPLE 4 

Alubricatlng oil composition formulated to 1 0W40 speclficaUons with the standard detergent inhibitor pack- 
age as used in Comparative Example 2 and containing 12.58 weight percent of the reaction product of Example 
3 IS prepared by adding said reactkin product to said oil. The CCS at -lO'C in mPas (centipoise) and the Ki- 
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nematic Viscosity at 100'>C in mm^/s (centistokes) of this fully formulated lubricating oD composition is deter- 
min and the results are set forth in Table 1. 

EXAMPLES 

5 

The procedure of Comparative Example 1 is substantially repeated except that th I w functionality poly* 
butenyl succinic anhydride of Comparativ Example 1 is replaced with 41.96 grams of a polybutenyl succinic 
anhydride having a functionality of about 1.33 (having a polytnitene Mn of about 950. and a SAP number of 
138.2 and containing about 12.7% unreacted pdybutene) in S100NILP base oil. 

10 

EXAMPLES 

A lubricating oil composition formulated to 1 0W40 specifications with the standard detergent inhibitor pack- 
age as used in Comparative Example 2 and containing 1 2.40 weight percent of the reaction product of Example 
IS 5 is prepared by adding said reaction product to said oil. The CCS at -20**C in centipoise and the Kinematic 
Viscosity at lOO'^C in nrtm^/s (centistokes) of this fully formulated lubricating oil composition is determined, and 
the results are set forth in Table t. 



COMPARATIVE 
, EXAMPLE 2 EXAMPLE 4 ExaiBDle g 



PIBSA Average Functionality 


1.05 


1.54 


1.33 


PIBSA Charge (vt. \) 


11.2 


6.9 


8.4 


PIBSA/EPSA Mole Ratio 


1.03 


1.03 


1.03 


Formulation Treat Rate in 








Oil vt. %) 


12.52 


12.58 


12.40 


K.V. In mm^/S (cSt) at 100*0 


15.07 


14.99 


14.97 


CCS in mPas (centipoise) at -20*C 


3749 


3327 


3427 



As illustrated by the data in Table I the utilization of lower amounts of the high functionality polybutenyl suc- 
dnic anhydride of the instant invention results in oil compositions having reduced low temperature viscosities 
40 while exhibiting substantially similar high temperature viscometric properties compared with oil compositions 
containing conventional multi-functional V.I. improver formulated using higher amounts of the low functtonality 
polybutenyl succinic anhydride. 



45 Claims 

1. Oil soluble reaction product, useful as a V. !. -dispersant for oleaginous compositions, comprising the re- 
action products of: 

(a) an oil soluble ethylene copolymer comprising from 15 to 90 wt % ethylene and from 10 to 85 wt % 
so of at least one C3 to C2B alpha-otefin. having a number average molecular weight of from 5,000 to 

500.000, grafted with an ethylenically unsaturated carboxyiic acid material having 1 or 2 acid or an- 
hydride moieties; 

(b) organic polyamine having at least two primary amino groups or polyol; and 

(c) a high functionality long chain hydrocarbyl substituted dicart>oxy1ic acid material having a function- 
55 ality of at least 1.2. 

2. A reaction product according to daim 1 wherein said (c) is a long chain hydrocarbyl substituted succinic 
acid or anhydride wherein said hydrocarbyl is a polyalkenyl derived from at least one C2 to C^a nrwno-olef in. 
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3. A reaction product according to daim 2 wh r in said polyalkenyl group has a M„ of from 400 to 10, 000. 

4. A reaction product according to daim 2 or daim 3 wherein said polyalkenyl group is poly(C4 alkenyl), 

5. A reaction product according to daim 4 wh rein said poly (C4 alkenyl) Is polybutenyl. 

6. A reaction product according to any f daims 1 to 5, wherein (c) has a functionality of at least 1. 3. pre- 
ferably from 1. 3 to 1. 9. 

7. A reaction product according to daim 6 wherein (c) has a functionality of at least 1.4. 

8. A reaction product according to any of daims 1 to 7 wherein the amount of (b) used is such that there are 
from 0,5 to 1.5 equivalents of primary amine er add equivalent of the dicarboxylic add material present 
in (a). 

S. A reaction product according to any of daims 1 to 8 wherein said (a) comprises a copolymer consisting 
essentially of from 30 to 80 wt % ethylene and from 20 to 70 wt % propylene, having a number-average 
molecular weight in tfie range of from 10.000 to 200.000. preferably 20,000 to 200,000, grafted with maleic 
anhydride. 

10. Areaction product according to any of daims 1 to 9 wherein (b) is a polyamine, said pdyamine being an 
aikylene or oxyalkylene pdyamine having at least two primary amine groups, preferably selected from th 
group consisting of aikylene polyamines having aikylene groups of from 2 to 7 carbon atoms and 2 to 11 
nitrogens, and polyoxyalkylene polyamines, wherein the aikylene groups contain 2 to 7 carbon atoms and 
the number of oxyalkylene groups is from 3 to 70. 

11. A reaction pnxJuct according to daim 10 wherein said polyamine is diethylene triamine. 

1Z A reaction product according to any of daims 1 to 11 formed by simultaneously reacting (a), (b) and (c) 
with removal of water. 

13. A reaction product according to any of daims 1 to 11 wherein said (b) and (c) are first pre-reacted,fdlowed 
by reaction with said (a). 

14. A reaction product according to any of daims 1 to 5 wherein (c) has a functionality from 1 .2 to ZO. 

15. An oleaginous composition comprising a major proportion of oil selected from lubricating oil and fu I oil 
and a minor amount of the reaction products as daimed in any of daims 1 to 14. 

16. An deaginous composition according to daim 15 which is a lubricating oil composition containing from 
about 0.01 to 15 wt % of said V.l.-dispersant 

17. A process for preparing an oil-soluble reaction product useful a V.l.-dispersant comprising (i) grafting ofl 
soluble ethylene copolymer having a number average molecular weight of from 5,000 to 500,000 and com- 
prising from 1 5 to 90 wt % etiiylene and from 1 0 to 85 wt % of at least one C3 to olefin in an oi solution 
witfi at least one olefinically unsaturated dicartoxyiic acid or anhydride using a free radical initiator at ele- 
vated temperatures; (ii) admbcing with the grafted ethylene copolymer of (i) a low temperature viscom trie 
property improving effective amount of at least one high functwnality tong chain hydrocarbyl substituted 
dicarboxylic add material having a functionality of at least 1,2 so as to form a reaction mbcture; and (iii) 
reacting with said reaction mbcture at least one polyamine containing at least two primary amino groups 
or at least one polyol. 



Patentanspruche 

1. Ollosliches Reakttonsprodukt, brauchbarals V. I. Dispersionsmittel fur olige Zusammensetrungen, das die 
Reaktionsprodukte von: 

(a) einem filloslichen Ethylen-Copolymer. das 15 bis 90 Gew.% Ethylen und 10 bis 85 Gew.% minde- 
slens eines C3 bis Cjs-a-Olef ins umfaat. in durchschnittiiches Mol kulafgewichl(2ahl nmittl)von5 
000 bis 500 000 aufweist und mit einem ethylenlsch ungesattigten Carbonsaurematerial, das 1 bis 2 
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